⌬3/⌬3
mice compared to ApoE0 mice. However, at 72 hours accumulation of 125 I-LDL was similar in ApoE0/Hspg2 ⌬3/⌬3 and ApoE0 mice. Immunohistochemistry of lesions from ApoE0/Hspg2 ⌬3/⌬3 mice showed decreased staining for apoB and increased smooth muscle ␣-actin content, whereas accumulation of CD68-positive inflammatory cells was unchanged. We conclude that the perlecan HS chains are proatherogenic in mice, possibly through increased lipoprotein retention, altered vascular permeability, or other mechanisms. The ability of HS to inhibit smooth muscle cell growth may also influence development as well as instability of lesions. Key Words: atherosclerosis Ⅲ lipoproteins Ⅲ perlecan Ⅲ heparan sulfate Ⅲ smooth muscle cells P roteoglycans in the extracellular matrix (ECM) influence both cellular and molecular processes in atherogenesis. Chondroitin and dermatan sulfate (CS/DS) proteoglycans, like versican and biglycan, are considered proatherogenic because of their ability to retain low-density lipoproteins (LDL). 1 By contrast, heparan sulfate (HS) proteoglycans have been proposed to be antiatherogenic, 2, 3 because decreased HS is associated with increased atherosclerosis in different species. 4 -8 Perlecan is the predominant HS proteoglycan in the arterial ECM, and it is found in basement membranes underneath the endothelial layer and around medial SMCs. 9, 10 Perlecan consists of a core protein with 3 attachment sites for HS glycosaminoglycan (GAG) side chains in domain I [11] [12] [13] and an additional site in domain V. 14, 15 We have recently demonstrated that perlecan is downregulated in human carotid atherosclerosis. 8 On the other hand perlecan has, together with biglycan, been shown to be the predominant proteoglycan in atherosclerotic lesions in mice. 16 Antiatherogenic properties of HS may involve several mechanisms. Enzymatic removal of HS has been shown to increase binding of LDL to endothelial matrix in vitro, 17 indicating that HS may interfere with lipoprotein retention. HS also reduces endothelial permeability for LDL, 18, 19 and removal of HS has been shown to increase monocyte binding. 18, 20 In addition, heparin and HS are potent inhibitors of smooth muscle cell (SMC) proliferation, which may influence plaque stability and size. [21] [22] [23] [24] [25] [26] However, HS proteoglycans have also been shown to bind LDL in vitro, indicating a possible proatherogenic role. 27 A recent study shows that partially reduced perlecan expression, achieved by cross-breeding perlecan null heterozygotes with either apoE-null (ApoE0) or LDL receptor-null mice, is associated with reduced atherosclerosis in young males. 28 However, that study does not separate the roles of the perlecan core protein and its HS chains. In a previous study, we investigated the role of the perlecan HS chains in vascular disease using mice expressing HS-deficient perlecan, generated by targeted deletion of exon 3 in domain I of the perlecan gene (Hspg2
). 29 The mutation leads to a significant depletion of the arterial HS content and promotes increased SMC proliferation and formation of intimal hyperplasia. 24 Here, to test directly whether the perlecan HS chains play a role in atherosclerosis, Hspg2 ⌬3/⌬3 mice were cross-bred with ApoE0 mice. We show that depletion of endogenous perlecan HS is associated with significantly reduced atherosclerosis at early and late time points in both females and males. We investigate the underlying mechanism, and the results indicate how perlecan HS may be both pro-and antiatherogenic. The role of perlecan in atherosclerosis may, however, be species specific.
Materials and Methods

Animals
ApoE0 mice (M&B Breeding and Research Center A/S, Ry, Denmark) were crossed with mice lacking exon 3 of the perlecan gene (Hspg2 ⌬3/⌬3 ), 29 which had been backcrossed for 10 generations to C57BL/6. ApoE0/Hspg2 ⌬3/⌬3 mice were fed a regular chow diet, developed normally, and were fertile. Animal care and experimental procedures were performed according to the regulations of the local animal care committee.
Lipid Measurements
Blood for lipid analyses was collected, and sera were stored at Ϫ20°C. Total cholesterol and triglycerides were determined by standard enzymatic methods (Roche Molecular Biosystems). Size fractionation of lipoproteins was performed by fast performance liquid chromatography gel filtration (ÄKTA Explorer; GE Healthcare Bio-Sciences AB) with a Superose 6 HR 10/30 column. 30 
Quantitative and Qualitative Analysis of Atherosclerosis
The mice were euthanized at 15 and 33 weeks of age. The heart and ascending aorta were frozen after cryoprotective treatment with sucrose. The aortic roots were sectioned according to a standardized protocol. 31 Sections were collected starting 100 m from the appearance of the aortic valve. Eight 10-m sections at 100-m intervals were fixed with formaldehyde and stained with Oil Red-O and hematoxylin. Lesion size was measured by a blinded observer using Easy Image Measurement 2000 (Rainfall Image Analysis). Mean lesion area per section was calculated for each mouse. Sections from the aortic root were also stained with hematoxylin-eosin, Movat's pentachrome, and picro-sirius red for further qualitative assessment of the lesions.
Aortas were also prepared en face as previously described. 32 In brief, the aortas were pinned on plates and stained with Sudan IV (Merck AG). Lesions were measured and expressed as percentage of total aortic area.
Real-Time PCR
Total RNA was isolated from aortas of 35-week-old ApoE0 mice and matched C57BL/6 wild-type controls using the RNeasy kit (Qiagen Inc). RNA quality was verified with a BioAnalyzer (Agilent Technologies Deutschland GmbH). cDNA was made using Superscript-II (Life Technologies Inc) and random primers. Amplification was performed in an ABI 7700 Sequence Detector (Perkin-Elmer Applied Biosystems).
Immunohistochemistry
Acetone-fixed frozen sections were used for immunohistochemistry. Antibodies used were: rat antimouse CD68 (1:20000; Serotec Ltd), rat antimouse CD3 (1:200; Southern Biotechnology Associates), alkaline phosphatase conjugated anti-␣-smooth muscle actin (1:100; Sigma-Aldrich), rabbit antimouse versican (1:500; Chemicon International), polyclonal rabbit antimouse apoB48 (1:10000; Abcam). Rabbit antimouse biglycan (1:1000; LF-106) was a gift from Dr Larry Fisher (Bethesda, Md). For perlecan core protein, a rabbit polyclonal antibody was used (1:500; R14). 33 For perlecan staining, sections were pretreated with hyaluronidase and for versican and biglycan with chondroitinase. CD3 epitopes were unmasked using 0.1% saponin. The sections were incubated with primary antibodies followed by incubation with biotinylated secondary antibodies (Vector Laboratories). Staining was visualized using biotin-avidin-peroxidase and diaminobenzidine (Vector). Staining with anti-␣-smooth muscle actin was visualized with Vector Red substrate kit (Vector) and biglycan with Alexa-555 (Invitrogen). CD68, apoB, and ␣-smooth muscle actin staining was quantified by a blinded observer using Easy Image 2000 Analysis.
Cell Culture
The thoracic aorta was separated in situ from its adventitia and digested for 4 to 5 hours in 0.1% collagenase in medium F-12 with 50 g/mL L-ascorbic acid, 50 g/mL streptomycin, 50 IU/mL penicillin, and 0.1% bovine serum albumin (F-12/0.1% BSA). The cell suspension was filtered, centrifuged, washed in F-12/0.1% BSA, and seeded in F-12/20% FCS. Passages 2 to 5 were used for experiments. Cell culture reagents were from Invitrogen and collagenase type II from Worthington (Freehold, NJ).
Metabolic Labeling and Proteoglycan Extraction
SMCs were grown to subconfluence (10 000 cells per cm 2 ), synchronized for 24 hours in F-12/0.5% FCS, labeled for 48 hours with 75 Ci/mL 35 S-sulfate (GE Healthcare) in F-12/0.5% FCS, and medium collected. The cell layer was rinsed and solubilized in 8 mol/L urea, 50 mmol/L Tris-HCl (pH 7.4), 0.5% Triton X-100, 2 mmol/L EDTA, and 0.25 mol/L NaCl (8 mol/L urea/0.25 mol/L NaCl) for 20 minutes, scraped off the dishes, and protease and phosphatase inhibitors added (5 mmol/L benzamidine-HCl, 1 mmol/L phenylmethylsulfonylfluoride, 100 mmol/L 6-aminocaproic acid). Proteoglycans were concentrated by anion chromatography on DEAEsephacel columns (Bio-Rad Laboratories), washed with 8 mol/L urea/0.25 mol/L NaCl, and eluted with 8 mol/L urea/3 mol/L NaCl.
Enzymatic Deglycosylation and SDS-PAGE
Proteoglycans were precipitated twice overnight at Ϫ20°C in 70% ethanol and 1.0% potassium acetate, and 100 g chondroitin sulfate was used as carrier (Sigma-Aldrich). Pellets were digested with 0.05 U chondroitinase ABC lyase (MP Biomedicals) in 30 L of 16 mmol/L Tris-HCl (pH 8.0), 17 mmol/L sodium acetate, 0.1% BSA or 0.8 U each of heparinase I and heparinase II (Sigma-Aldrich), with or without 0.05 U chondroitinase, in 30 L of 33 mmol/L Tris-HCl (pH 7.0), 3 mmol/L calcium acetate, and 6 mmol/L sodium acetate for 2 hours at 37°C and 1 hour at 42°C. Equal amounts digested materials were loaded, 67 000 and 37 000 cpm/lane, for medium and cell-layer, respectively. SDS-PAGE was performed on a 4% to 12% gradient gel with a 3.5% stacking gel. The gel was fixed, treated for 45 minutes with enhancer, rinsed, dried onto Whatman filter paper, and analyzed after exposure to a PhosphorImager screen.
ECM Preparation and Binding of Lipoproteins
Twelve-well plates were coated overnight with 0.02% type I collagen. SMCs were seeded in F-12/20% FCS (23 000 cells per well for ApoE0/Hspg2
⌬3/⌬3 and 28 000 for controls to compensate for the difference in growth rate) and grown for 6 days. Wells without cells were used as background control. Cell-free ECM was prepared by solubilization with 0.5% Triton X-100 in PBS and 25 mmol/L ammonium hydroxide in PBS followed by 4 washes with PBS, as previously described. 24 Human LDL (1.02 to 1.05 g/mL) isolated from healthy subjects and triglyceride-rich lipoproteins (1.006 to 1.05 g/mL) isolated from plasma of ApoE0 mice on regular chow diet by sequential ultracentrifugation 34 were radiolabeled with 125 I using Iodogen (Pierce). 35 Dilutions of radiolabeled lipoproteins in the physiological Earle balanced salt solution (EBSS; Gibco) with 1% BSA (EBSS/BSA) were incubated with extracellular matrix preparations for 2 hours at 37°C, after which the lipoproteins were removed and the matrix was washed 3 times with EBSS/BSA. 36 The radiolabeled lipoproteins were measured in a 1470 Wallac Wizard (Perkin Elmer). Curve-fit analysis was performed in GraphPad Prism version 3.00 for Windows using a nonlinear curve fit assuming 1-site binding (GraphPad Software).
Proteoglycan Purification and LDL Binding
SMCs were grown to subconfluence (10 000 cells per cm 2 ). For each cell type, the cell-layer proteoglycans (materials from intact cells and ECM) from 2 150-cm 2 tissue culture flasks were extracted in 8 mol/L Urea, 2 mmol/L EDTA, 20 mmol/L Tris-HCl (pH 7.5), 0.5% CHAPS (Calbiochem), supplemented with Complete Mini Protease Inhibitor (Roche). The extracts were filtered through 0.22-m filters (Millipore) and concentrated on DEAE-sephacel columns (Hitrap Q, 5 mL, Amersham Pharmacia). The columns were washed with 0.25 mol/L NaCl, and proteoglycans were eluted with 1.5 mol/L NaCl. The eluates were dialyzed (Slide-A-Lyzer 3500 MWCO, Pierce) against distilled H 2 O at 4°C, and lyophilized.
96-well plates (Maxisorp-immunoplate, Nunc) were coated with cell-layer proteoglycans (10 g/mL) resuspended in HBS-buffer (20 mmol/L HEPES, 0.15 mol/L NaCL, pH 7.4), 50 L/well, overnight at room temperature (RT). The plates were washed 3 times with HBS buffer, blocked with 1% BSA in HBS-buffer for 1 hour, 
Uptake of Mouse Triglyceride-Rich Lipoproteins and Human LDL In Vivo
Radiolabeled mouse triglyceride-rich lipoproteins and human LDL were prepared as described for in vitro binding and injected retro-orbitally in 8-to 10-week-old mice. After 20 minutes (for both types of lipoproteins) or 72 hours (for human LDL), the mice were perfusion fixed and the aortas dissected and measured for radioactivity. An identical 20-minute experiment was also performed twice with 
Statistical Analysis
Comparisons between the experimental groups were performed using a 2-tailed Student t test. PϽ0.05 was considered significant.
Results
Reduced Atherosclerosis in ApoE0/Hspg2
⌬3/⌬3 Mice Aortic sinus atherosclerosis was analyzed at 15 and 33 weeks. Compared with ApoE0 control mice, lesion size was reduced in female ApoE0/Hspg2 ⌬3/⌬3 by 53% and 20% at 15 and 33 weeks, respectively ( Figure 1A through 1C) . En face preparations of whole aortas revealed a 59% reduction in lesion area in female ApoE0/Hspg2
⌬3/⌬3 mice compared with controls at 33 weeks ( Figure 1D and 1E ). Similar reductions in lesion sizes were observed in ApoE0/Hspg2 ⌬3/⌬3 males, 53% at 15 weeks in the aortic root, and 59% at 33 weeks by en face (not shown). Total cholesterol and triglyceride levels did not differ significantly between the 2 genotypes (supplemental Table I , available online at http://circres.ahajournals.org). Size fractionation of lipoproteins was also performed and there was no difference in cholesterol (Figure 2A through 2D ) or triglyceride profiles (not shown).
Proteoglycan Distribution in ApoE0/Hspg2
⌬3/⌬3 Mice
No differences in staining patterns for perlecan, versican, or biglycan were observed between ApoE0/Hspg2 ⌬3/⌬3 mice and ApoE0 controls at 33 weeks (supplemental Figure I ). Prominent staining for perlecan core was detected throughout the intima and underneath the endothelium. Staining was also found in the media but was sparse underneath large lesions with medial thinning (supplemental Figure IA and IB). Versican was virtually absent from the lesions whereas some staining was seen in the media and strong staining was seen in valves (supplemental Figure ID and IE) . Biglycan was detected in intimal lesions as well as in the media and most prominently in aortic valves (supplemental Figure IG and IH).
Perlecan Gene Expression Is Unchanged
Because apoE can be involved in the regulation of perlecan expression, 37 perlecan mRNA levels in extracts from ApoE0 mouse aortas were compared with C57BL/6 controls using real-time PCR. No difference was detected between the 2 groups at 35 weeks of age, demonstrating that the atherosclerosis model used retained intact perlecan expression in the aorta (not shown). mice (E).
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Depletion of HS in ApoE0/Hspg2 ⌬3/⌬3 Mice ApoE0 and ApoE0/Hspg2 ⌬3/⌬3 SMCs were labeled in vitro with 35 S-sulfate, and proteoglycan production was analyzed by concentration over DEAE columns, digestion with chondroitinase or heparinases, and SDS-PAGE. This protocol yields proteoglycans with attached GAG sidechains only, and no nonglycosylated material is recovered. After chondroitinase digestion of samples from ApoE0 controls, large HS proteoglycans were seen as a smear in the stacking gel and an intense band at the top of the resolving gel ( . Gradient gel electrophoresis of proteoglycans produced by aortic SMCs from ApoE0 (A) and ApoE0/Hspg2 ⌬3/⌬3 (⌬3) mice. Proteoglycans were labeled with 35 S-sulfate, DEAE-purified and digested with chondroitinase or heparinase I and II as described in Methods. Note lack of smear in the stacking gel of chondroitinase-digested samples from ApoE0/Hspg2 ⌬3/⌬3 SMC cultures indicating lack of large HS proteoglycans.
Reduced Lipoprotein Binding to ECM and Purified Cell-Layer Proteoglycans From ApoE0/Hspg2
⌬3/⌬3 SMCs
Binding of mouse triglyceride-rich lipoproteins to ECM from cultures of aortic SMCs isolated from ApoE0/Hspg2 ⌬3/⌬3 mice showed reduced binding capacity compared with controls ( Figure 4A ). Similar experiments were performed with human LDL, which also showed reduced binding to ECM from ApoE0/Hspg2
⌬3/⌬3 SMCs (data not shown). Consistent with this observation, purified cell-layer proteoglycans from ApoE0/Hspg2 ⌬3/⌬3 SMCs exhibited reduced affinity and maximal binding capacity for human LDL, compared with ApoE0 controls ( Figure 4B ).
Lipoprotein Uptake and apoB Accumulation in the Vessel Wall
Subendothelial lipoprotein content in vivo in 8-to 10-weekold ApoE0/Hspg2 ⌬3/⌬3 and ApoE0 mice was compared after infusion of 125 I-labeled mouse triglyceride-rich lipoproteins or human LDL (Table) . Analysis 20 minutes after injection showed significantly more of both types of lipoproteins in the aortas of ApoE0/Hspg2 ⌬3/⌬3 mice compared with ApoE0 mice. However, when human LDL was analyzed after 72 hours, no significant difference remained between the 2 groups.
125 I-Albumin injections showed no difference in subendothelial albumin content between the groups after 20 minutes (Table) . Immunohistochemistry demonstrated significantly less apoB in aortic root lesions from ApoE0/ Hspg2 ⌬3/⌬3 mice compared with ApoE0 controls ( Figure 5 ).
Accumulation of SMCs in Lesions From
ApoE0/Hspg2 ⌬3/⌬3 Mice Except for lesion size, no gross morphological differences were observed between the two genotypes at 33 weeks. Staining for smooth muscle ␣-actin within the lesions was significantly increased in ApoE0/Hspg2 ⌬3/⌬3 mice compared with controls ( Figure 6A through 6C) . Most ␣-actin staining was located in the luminal part of the lesions corresponding to fibrous cap regions. Medial atrophy was readily observed underneath large lesions ( Figure 6A and 6B) . In contrast, collagen content quantified after detection with picro-sirius red showed no significant difference between the genotypes ( Figure 6D and 6F) and CD68 staining showed no difference in macrophage content between the 2 groups ( Figure 6G  through 6I ). CD3 staining demonstrated the presence of T-cells in lesions of both genotypes but the staining was too sparse to allow quantification (data not shown).
Discussion
Here, we studied the role of the perlecan HS chains in atherosclerosis by cross-breeding Hspg2 ⌬3/⌬3 mice with ApoE0 mice. A significant reduction in atherosclerosis was demonstrated in ApoE0/Hspg2 ⌬3/⌬3 mice compared with ApoE0 controls. In vitro, we observed reduced binding of labeled mouse triglyceride-rich lipoproteins to total ECM 
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prepared from ApoE0/Hspg2 ⌬3/⌬3 SMCs. Similarly, binding of human LDL to total ECM and purified proteoglycans from ApoE0/Hspg2 ⌬3/⌬3 mice was reduced. In vivo, influx of lipoproteins into the vessel wall of ApoE0/Hspg2 ⌬3/⌬3 mice was increased, but retention was decreased and lesions contained less apoB. In addition, an increased accumulation of SMCs was observed.
A reduction in aortic root lesion area in ApoE0/ Hspg2 ⌬3/⌬3 mice was observed at both 15 and 33 weeks in both females and males. The difference between ApoE0/ Hspg2 ⌬3/⌬3 mice and ApoE0 controls was less at 33 weeks, probably because of suppressed expansion of plaque volume in the aortic roots of the ApoE0 controls at this late time-point. A larger reduction in lesion area was measured at 33 weeks when whole aortas were analyzed en face, which has previously been reported as a better method for late time points. 32, 38 These results support a proatherogenic role for the HS chains of perlecan in mouse atherosclerosis. Our results confirm findings from an earlier study that showed a reduction of atherosclerosis in ApoE0 mice with partially reduced perlecan expression but did not discriminate between the and CD68 for macrophages (G, H, and I; nϭ7). Quantification of staining (C, F, and I) expressed as % of total lesion area. The arrowhead in B indicates ␣-actin staining in a fibrous cap region. Also note prominent medial thinning underneath large lesions. D, E, and F show picrosirus red staining for collagen (nϭ10 and 13) analyzed and quantified using polarized light.
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roles of the perlecan core protein and its HS chains. 28 However, other studies suggest that HS and perlecan prevent atherosclerosis, 2,3 and several groups have shown an inverse relationship between HS proteoglycan levels and atherosclerosis in different species. 4 -7 Reduced atherosclerosis has also been observed in both hypercholesterolemic rabbits and ApoE0 mice treated with glucosamine to increase the HS proteoglycan content of the vessel wall. 19, 39 However, because glucosamine treatment would affect not only perlecan but also other HS-containing molecules, those studies are more difficult to interpret. The lesion reduction in ApoE0/Hspg2 ⌬3/⌬3 mice observed in our study could not be explained by altered serum lipid levels, in agreement with previous findings. 28 It is likely that other cell-surface-bound HS molecules, such as syndecans, are more important than perlecan for lipid uptake in the liver and in peripheral tissues 40 However, it has been shown that perlecan plays a role in lipid uptake in cells lacking other proteoglycans. 41 We explored other possible mechanisms behind the observed reduction of atherosclerosis in ApoE0/Hspg2
mice. Lipoprotein binding to total ECM and to purified proteoglycans from ApoE0/Hspg2 ⌬3/⌬3 mice was significantly reduced compared with control, indicating that perlecan HS is important for lipoprotein binding and retention in the vessel wall. A reduced amount of staining for apoB in the ApoE0/ Hspg2 ⌬3/⌬3 lesions supported this conclusion. Our findings are in agreement with an earlier study showing that HS binds LDL in vitro, 27 and is consistent with the response-to-retention hypothesis of early atherogenesis. 42 Furthermore, incubation of SMCs with nonesterified fatty acids increases both perlecan production and LDL binding, 43 and atherosclerosis is reduced in mice expressing apoB with a defective binding capacity for proteoglycans. 44 The reduced lipoprotein-binding capacity of HSdeficient ECM may thus be responsible for the observed reduction in lesion development. In this context it should be noted perlecan and biglycan are the most abundant proteoglycans in mouse atherosclerosis. 16 The uptake of lipoproteins in aortas of ApoE0/Hspg2
mice compared with controls was faster shortly after injection. It is possible that the permeability for lipoproteins in the subendothelial basement membrane is higher in the absence of perlecan HS, thereby allowing a more rapid diffusion into the vessel wall. The uptake of labeled albumin was similar in ApoE0/Hspg2 ⌬3/⌬3 mice and controls, suggesting a selective, rather than a general, increase in basement membrane permeability. However, the amount of human LDL retained at 72 hours was the same in ApoE0/Hspg2 ⌬3/⌬3 mice and controls, which suggests that the efflux of lipoproteins from the vessel wall of ApoE0/Hspg2 ⌬3/⌬3 mice is greater because of a reduced retention capacity of the HS-deficient ECM. In support of these findings, the rate of LDL entry into the normal artery wall has previously been shown to vastly exceed LDL accumulation, 45 indicating that changes in endothelial permeability are relevant for atherogenesis only if the lipoproteins are subsequently retained. In support of our findings, HS in the endothelial basement membrane has previously been reported to reduce endothelial permeability for LDL in vitro. 18, 19 Our observations suggest that perlecan can both promote and prevent atherogenesis by influencing transport of lipoproteins across the endothelial barrier and retention in the interstitial ECM, even though retention is most essential at least for early atherogenesis.
To evaluate whether our results may be relevant also in human atherosclerosis, both mouse apoB48-containing triglyceride-rich lipoproteins (elevated in ApoE0 mice) and human apoB100-containing LDL was used. Analysis of lipoprotein binding in vitro and in vivo using both mouse and human lipoproteins gave identical results, confirming that both apoB48 and apoB100 bind proteoglycans in a similar way, although binding of apoB48 is mediated via a proteoglycan binding sequence that is exposed only in carboxyltruncated forms of apoB. 46 Increased ␣-actin staining was seen in lesions of ApoE0/ Hspg2 ⌬3/⌬3 mice, mostly in the fibrous cap. This is in agreement with our earlier report of increased SMC proliferation and intimal hyperplasia in Hspg2 ⌬3/⌬3 mice, and is an expected finding as HS and heparin are potent inhibitors of SMC proliferation. [21] [22] [23] [24] Perlecan HS may thus control SMC proliferation in lesion development and thereby influence plaque stability. [47] [48] [49] We cannot exclude the possibility that the ability of perlecan HS to influence SMC proliferation may also contribute to accumulation of lipoproteins and lesion development through mechanisms not dependent on the composition of the ECM. Nevertheless, an increased proliferation of SMCs ApoE0/Hspg2 ⌬3/⌬3 mice is not sufficient to normalize vessel wall HS content because no HS is detectable even after substantial SMC proliferation in intimal hyperplasia of Hspg2 ⌬3/⌬3 mice. 24 Although HS and heparin have been reported to influence inflammation, 2 we did not observe any differences in the accumulation of CD68-positive inflammatory cells. It is, however, possible that the reduced atherosclerosis observed in ApoE0/Hspg2 ⌬3/⌬3 mice may be influenced by inflammatory processes such as cytokine bioavailability rather than accumulation of leukocytes. 50 In summary, we conclude that the HS chains of perlecan promote atherosclerosis in mice, most likely through increased retention of lipoproteins. In addition, the ability of perlecan HS to regulate SMC proliferation was found to influence SMC content in lesions, thus implicating a role for perlecan in plaque stability. Because of differences in proteoglycans expressed in mice and humans, it is difficult to determine a role for perlecan in human disease. However, the observed ability of perlecan to influence central processes in atherogenesis such as lipoprotein transport across the endothelial barrier, lipoprotein retention, and SMC proliferation should stimulate further studies.
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